Introduction
Chronic low back pain (CLBP) is an important healthcare and socioeconomic problem and is associated with high medical expenses, disability, and inability to work. It often shows only minor improvement when treated with conventional therapies in some patients [1] .
Conventional pharmacological therapy to reduce pain, inflammation, and functional disability usually relies on the extensive use of pharmacological drugs with frequent association with adverse effects. Thus, new therapeutic options endowed with comparable efficacy and better safety are warranted [2] .
Different physical therapy procedures have been recommended for CLBP treatment such as superficial heating, deep heating, exercise therapy, electrotherapy, massage, and spinal manipulation. Finding an effective treatment is a challenge for a medical team [3] . However, because the number of randomized controlled studies investigating the effect of these therapies is limited, there is no consensus on which modalities are more effective in the management of CLBP [4] .
Many studies have evaluate the effect of superficial heating (infrared lamps and heat wrapping) for treatment of CLBP, and they found that it is effective in relieving pain and improving function but only for short term, with effects lasting only for few days after stoppage of treatment [5, 6] .
Recently, oxygen or ozone (O 2 O 3 ) therapy has been used successfully in the treatment of low back pain (LBP), reducing pain after the failure of other conservative treatments. Intradiscal and/or intraforaminal administration was initially used, whereas in routine clinical practice, para vertebral-intramuscular infiltration is now the technique mainly used, as it is much less invasive [7] .
Several mechanisms of action have been proposed to explain the efficacy of ozone therapy including analgesic, anti-inflammatory, and oxidant action on proteoglycans (e.g. in the nucleus pulposus) [8] .
Moreover, the O 2 O 3 mixture has been claimed to normalize the level of cytokines and prostaglandins, increase levels of superoxide dismutase, and improve the perineural and periganglionic micro circulation, thereby combating the hypoxia linked to both arterial compression and above all to venous stasis. The mixture also seems to have a reflex therapy effect, being able to break the chain of chronic pain by stimulating anti-nociceptive antalgic mechanisms [9] .
Many studies have been conducted on paravertebralintramuscular ozone therapy in management of CLBP, and they have found that it is effective in pain and function improvement [8] , but no studies were done to assess the benefit of addition of paravertebralintramuscular ozone therapy to the traditional physical therapy in management of CLBP and its long-term effects.
Therefore, the aim of this study was to assess the effect of combined paravertebral O 2 O 3 therapy with physiotherapy in chronic mechanical LBP rehabilitation in comparison with physical therapy alone.
Patients and methods

Study design
This study is a prospective nonrandomized clinical trial that was carried out on patients with chronic mechanical LBP.
They were recruited from the outpatient clinic of Rheumatology and Rehabilitation Department in Zagazig University Hospitals.
The study was approved by the Ethics Committee of the University, and informed consent was taken from the patients after providing adequate information about the study (the characteristics of the study, benefits, and possible adverse effects).
Patients
This study was carried out in the period from March 2015 to March 2016.
The study included 160 adult patients of both sexes with a diagnosis of chronic mechanical LBP.
Inclusion criteria
The following inclusion criteria were applied.
(1) Chronic mechanical LBP of more than 3 months.
(2) Pain owing to disc protrusion or spondylosis. 
Exclusion criteria
We excluded the patients with the following:
(1) Disc extrusion or sequestration. 
Group II
It included 80 patients treated using physical therapy alone (infrared lamp therapy and exercises) (40 males and 40 females).
Methods
(1) Clinical evaluation, routine physical examination, and neurological investigation data were collected for all patients in a clinical sheet. The other used measures were functional status measures: (i) a disability questionnaire − Roland Morris Disability Questionnaire (RMQ) [10] , which consists of 24 questions answered with yes or no response for each, range 0-24 points, and the Revised Oswestry Disability Index (ODI) [11] , which consists of 10 items assessing the level of pain and interference with several physical daily activities, with six response options per item with an overall score of 0-50. (4) Patients were assessed before first treatment, at the end of the treatment (after 4 weeks), and at a follow-up of 24 weeks after the last treatment. The patients were classified into two different groups of treatment.
Group I
It included 80 patients who were subjected to O 2 O 3 mixture (20 ml), with an O 3 concentration of 20 g/ml, obtained by means of a HAB heRRMANN Apparate bau GmbH generator (Germany). The intramuscular injection was administered in the paraspinal lumbar muscles, bilaterally (10 ml for each side), under sterile conditions, using a 22-G needle. The sites most frequently treated were those corresponding to L4-L5 (65%) and L5-S1 (25%). The infiltration point was kept constant at 2 cm from the spinous process of the diseased space. Multilevel treatments were usually performed (one level above and below the affected one). An injection time of 15 s was used, as a longer injection time was deemed unsuitable because of the instability of medical O 3 , which starts decaying (2 g/ml) after about 20 s. No premedication or anesthesia was given, and four paravertebral infiltrations were given once weekly on an outpatient basis.
Group II
The routine physical therapy group received infrared therapy, which was provided by two small, portable units. These units met the safety standards for Food and Drug Administration portability and are registered with the Food and Drug Administration as a therapeutic device. The unit converted electricity to infrared energy at 800-1200 nm wavelength. The patients also receive exercise program that included mobilization, stretching, and strengthening exercises for back and abdominal muscles. The physical therapy program was applied three times a week for 4 weeks.
Statistical analysis
Data were entered, checked, and analyzed by SPSS 10 software package (Chicago, USA). Quantitative data are summarized by mean and SD for parametric data. Nonparametric data are presented by median.
P value less than 0.05 was considered statistically significant, and P value less than 0.001 was considered highly significant.
Differences
between the groups regarding demographics were analyzed using t-test, paired t-test, and Fisher's exact test.
Results
A total of 160 CLBP patients were included in the study, with 82 (51.25%) females and 78 (48.75%) males. No differences were found between the two groups regarding the evaluated variables at the baseline, including age, sex, and duration of pain (P>0.05), as shown in Table 1 .
After the completion of the first month of treatment, we found that the detected parameters showed a real improvement in all patients of both groups, with statistically highly significant differences between the patients of group I regarding all the evaluated variables (VAS, VRS, RMQ, and ODI scales) (P<0.001). Moreover, we found highly significant differences between the patients of group II regarding the evaluated variables RMQ and ODI scales (P<0.001 and <0.001, respectively) and statistically significant difference between patients of the same group as regarding VAS and VRS scales (P<0.05 and <0.05, respectively) ( Table 2) .
However, this improvement did not continue with group II at the end of the 24 weeks after treatment stoppage, as no statistically significant differences were found regarding all measures of outcome (VAS, VRS, RMQ, and ODI scales) (P>0.05) when comparing these with pretreatment measures; on the contrary, group I showed continuous improvement in all variables (VAS, VRS, RMQ, and ODI scales) with a highly statistically significant difference (P<0.001) when comparing these with the pretreatment variables. So, the combined ozone and physical therapy group showed significantly better outcomes at the end of the follow-up period than the ones observed in the physiotherapy alone group. Figures 1-4 showed that both treatment groups had a significant reduction in pain intensity and disability in daily life activity at the end of treatment (first month), but this effect was not maintained up to the end of the follow-up period (24 weeks) in the group treated with physical therapy alone, whereas it was maintained in the combination therapy of ozone and physical therapy group.
Discussion
The present study was conducted to evaluate the effectiveness of paravertebral O 2 O 3 infiltration in the paraspinal lumbar muscles combined with physical therapy in patients with CLBP, comparing it with the routine physical therapy alone. In our study, the patients were followed up for 6 months to ascertain whether improvements lasted over time in both groups.
The two groups showed no statistically difference at baseline regarding age, sex, and pain duration. All patients received treatment for 4 weeks and were evaluated at the end of these 4 weeks, and the final evaluation was performed after 24 weeks. The mean value of visual analog scale (VAS) of the two groups.
Figure 2
The mean value of verbal rating scale (VRS) of the two groups.
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The data showed that O 2 O 3 combined with physical therapy in group I was effective in the treatment of pain and dysfunction associated with CLBP during treatment and after long-term follow-up, but group II patients treated by physical therapy alone exhibited pain and dysfunction improved only during treatment and showed recurrence at longterm follow-up.
Our results were consistent with the study done by Morelli et al. [12] , which was done to compare the effectiveness of two therapeutic methods: the O 2 O 3 paravertebral lumbar infiltration and the diathermy with exercises for CLBP treatment. They found that patients treated with paravertebral O 2 O 3 therapy recorded a greater improvement, both from the first to the last session and during the reevaluation after 3 months, showing only mild worsening. So, they concluded that the O 2 O 3 therapy has a greater healing effect, which preserves over time.
Most of the studies that combined various physical therapy agents with the exercise therapy for CLBP had found significant short-and medium-term improvements in the parameters studied but not in long-term follow-up [4] [5] [6] . Our results were also supported by that of Zambello et al. [9] which included 351 patients with chronic irradiating LBP over sciatic nerve and failure to respond to medical treatment. They were randomly assigned into two groups: group I (n=171) was treated by epidural steroid injection and group II (n=180) by ozone into the paravertebral muscle. The clinical outcome was assessed in the short term (3 weeks) and long term (6 months). They also reported that ozone therapy has a higher success rate, is safe, and is considered the first choice of treatment in patient's refractory to conventional management.
More recently, Biazzo et al. [15] confirmed efficacy of intramuscular ozone injections in CLBP. According to their result, 109 patients underwent intra muscular-paravertebral lumbar injections of ozone for LBP, and then all patients were retrospectively evaluated with VAS and ODI scale. They obtained a reduction of 2.3 points on the VAS scale and 9% on the ODI score after treatment. So, they suggested ozone application in CLBP as first choice to replace intradiscal computed tomographicguided infiltrations and to avoid or delay surgery.
Conclusion
Treatment of CLBP is a major concern, and O 2 O 3 intramuscular lumbar paravertebral injections combined with physical therapy, which are minimally invasive, seem to safely and effectively relieve pain, as well as reduce disability.
Figure 3
The mean value of Roland Morris Disability Questionnaire (RMQ) of the two groups.
Figure 4
The mean value of Oswestry Disability Index (ODI) of the two groups. O 2 O 3 has a healing effect, which preserves over time, but physical therapy alone leads to some relapses after a few months.
The addition of O 2 O 3 treatment over the traditional physical therapy for management of CLBP can offer significantly longer improvements in pain management and functional status in these patients, increasing the pain-free period.
Recommendations
Further studies with long-term follow-up periods and other combination therapies are needed to evaluate the extended effect of the minimally invasive intramuscular ozone injections in treating patients with chronic mechanical LBP.
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